This paper describes a system for management of clinical information in gastroenterology. The system consists of two blocks (hardware and software), both developed during the investigation. The hardware interface is connected to endoscopy equipment for video and image acquisition. Then, the patient electronic health record (EHR) is created using a software designed for including the relevant images and video sequences selected by the medical staff. The patient EHR is stored locally as well as in a remote server where authorized users can review and eventually edit the information within a telemedicine protocol.
Introduction
Gastrointestinal endoscopy is a low cost therapeutic and diagnostic tool where a thin and flexible tube known as endoscope enables visualization of the gastrointestinal track. The endoscopy services used the required equipment for performing the image acquisition including a light source, video camera and also tools for taking tissue samples or for cutting polyps [8] . During the examination the gastroenterologist performs visualization of different organs such as the esophagus, stomach, and duodenum, and then he has to select the relevant images for including in the medical report [13] . For completing this task they usually have basic and limited tools that tend to be time consuming. These tools lacks of the appropriate systems for handling the patient electronic health record (EHR) according to the standard clinical recommendations. In a typical telemedicine application the EHR is transmitted via Internet, because it is a reliable way that is available in almost all over the world. A remote server is used, due to the need of supporting the information access all the time, until it is received in the selected remote medical center. The designed protocol implies not only the mailing of information from a medical center to another, but also the system allows that the remote medical center could send information to any other center. This assures system connectivity among all medical centers [2] .
Several attempts for gastroenterological telemedicine applications have been reported. Puentes et al. [11] describe a first approach for a Telemedicine in Gastroenterology (TMGE) project oriented to utilization of Asynchronous Transfer Mode (ATM) networks, distributed databases, intranet and multimedia tools. In Braga et al. [8] a solution including streaming of video through internet is reported. Their solution also provides tools for exporting exams in several video formats. The system also collects clinical information and shares this EHR during several stages of the therapeutical or diagnostic procedure between authorized medical staff. Graschew and Rakowsky [7] report a systematic qualitative review concerning the telemedicine applications for chronic digestive diseases. The document describes several telemedicine based studies; however, they do not describe the technological tools used for performing the telemedicine application. Zildzic et al. [17] analyzes gastroenterohepatology telemedicine applications within a framework of Picture Archiving and Communication System (PACS) and DICOM standard. They propose to embed this telemedical application within the PACS framework using the DICOM protocol for handling the multimodal image and video sources. The EHR could also be incorporated within the Hospital Information System (HIS) using the HL7 standard. They also propose using the telemedicine applications for tele-education. In Cross R. [1] a review concerning the application of telemedicine for patients with in-flammatory bowel disease is presented. An important application is for helping health providers to educate and to monitor patients as well as helping patients to adhere self-care plans. He discusses the application of a telemanagement system in a group of patients. Results found were promising as the patients were satisfied with the system and attained a decreases disease activity and higher quality of life. Riaz and Atreja [12] describe clinical trials using high-speed Internet and smartphone devices and applications for the treatment of chronic gastrointestinal diseases. They found that even when there are several ongoing projects about this type of application, it is still necessary more research for confirming the utility of these technologies in gastroenterology.
Several contributions concerning telemedicine applications have been previously reported. In Perez et al. [10] a new strategy is proposed for integrating several known and universally accepted medical ontologies and controlled vocabularies, in order to make automatic semantic annotations over DICOM files. In Dugarte et al. [2] the development of a Cardiology Electronic Health Record (CEHR) system is reported. Software consists of a structured algorithm designed under Health Level-7 (HL7) international standards. Novelty of the system is the integration of high resolution ECG (HRECG) signal acquisition and processing tools, patient information management tools and telecardiology tools.
The main contribution of this paper is the developing and implementation of a system for performing the acquisition of images, video sequences and information from standard gastroenterology endoscopic equipment for further incorporation into a patient EHR. This system can improve the management of clinical information and enables a gastroenterology telemedicine application.
System Description
A system including hardware and software is proposed for handling the patient electronic health record including acquisition of video or images recorded during the gastroenterological examination.
Hardware Description
The hardware includes an EasyCap frame grabber that is used for performing the video acquisition. This device is controlled by an Arduino microcontroller that allows selecting the frames or clips to be acquired as well as the transferring of this information to a personal computer through an USB port.
EasyCap frame grabber
Two steps need to be executed for converting an analog signal into a digital signal: quantification and sampling. In the quantification process the analog signal is sampled and each value obtained is assigned a value that depends on the number of bits of the Analog Digital Converter (ADC). The quantized value is coded in binary, which likewise depends on the number of bits of the ADC. The number of bits of the ADC is known as the resolution of the signal; most of video grabbers have a resolution of 8-bit with flash memory architectures. The EasyCap frame grabber captures high quality video with audio and transfer the digital data to the computer using an USB 2.0 interface without requiring sound card. The device supports resolution NTSC: 720 x 480 at 30 fps, and it has a RCA composite video input and a Svideo input. Figure 1 shows the EasyCap device and its connectors with video sources and the computer. 
Arduino microcontroller
Arduino is an open source hardware and software development-oriented for interactive projects [3] . This device will be used to detect the precise moment, selected by the medical doctor, for performing the video acquisition. The medical staff interacts with the system using a pedal where switches are located (see Figure 2 ). Arduino receives a trigger signal that is used starting and ending the video acquisition. The device software is written using a simplified version of the C programming language. The software is installed as firmware running on the device.
Software Description
The main software component running in a personal computer, allows the doctor to create an EHR for the patient incorporating the demographic and clinical information as well as a detailed gastroenterological examination report; including images, video clips and anatomical locations for biopsy samples. The patient EHR can be stored locally or even transferred to a remote cloud backup location where this information can be accessed by other authorized medical staff. In this way a gastroenterological telemedicine application is performed. The software application was devel-oped using open source libraries and performs the transfer of information considering data encrypting.
Hardware design and construction
In Figure 2 the connection between the target gastroenterology equipment and the developed hardware is shown. The EasyCap device is connected to the video output from the gastroenterology equipment. The video signal is digitalized by this device and transferred to the computer through a USB port. The program running on the Arduino microcontroller reads the pedal switches de-bounds the signal and transfers this information to the host computer using the USB interface. The device used for starting and ending the acquisition is a Boss FS-5U pedal that is normally intended for musical applications. It is a metallic heavy-duty switch that allows easy interaction between the medical staff and the system while working with the endoscopic probes and the patient. 
Results
This application is intended for a gastroenterology telemedicine application. In consequence it is very important to manage the patient EHR with a secure and simple user interface. The development of the software was performed using the NetBeans platform [16] , that is an open source JAVA Integrated Development Environment (IDE). Within this environment several technologies can be handled. In this case the JavaFX was used for developing Web based Rich Internet Applications (RIAs) [15] . The main window of the software developed using this JAVA IDE is shown in Figure 3 . The application requires the following libraries:
• webcam-capture-0.3.10-RC7: It acquires and handles video streams from any camera connected to the computer. In this case the EasyCap frame grabber is considered as a video source. The library is a generic webcam java API [5] .
• java2word-3.3: it is a library that allows generating MS word documents from JAVA code. In this application this library is used for writing the clinical reports of the patient [6] .
• controlsfx-8.20.8: it is an open source library providing user interface controls and other tools to complement the core JavaFX distribution [4] .
• jssc-2.8.0: it is a library providing software tools for serial communications in JAVA.
• mysql-connector-java-5.1.16-bin: This library is intended for handling the database server [9] .
The management of the created database from web applications is handled by an open source application known as Wampserver [14] .
Telemedicine features
A telemedicine application is based in incorporating communication and computer technologies for performing medical diagnosis and treatment of patients. In a typical telemedicine service the patient EHR is transmitted as well as the signals and images acquired from a patient. This information can be analyzed by medical experts located far from the patient where a detailed medical report can be obtained. This report can be send to the patient location involving diagnosing or treatment procedures. A diagram describing a possible telemedicine application in gastroenterology is shown in Figure 4 . In the top of the diagram the location of the patient is shown. The electronic health record of the patient is constructed and the signal or video acquisition is performed. This information is then transferred to a remote server (cloud server) through the internet link. The information is now available for consulting and editing by authorized medical staff located in several remote hospital centers. In this way the medical expertise can be optimally used for obtaining a better diagnosis or treatment for the patient. The system allows capturing and selecting video and images from gastroenterology equipment, according the diagnostic evaluation of the specialist. The information is stored in a local database server as a patient EHR and the authorized medical staff can edit the patient information. The system also allows managing the patient medical appointments and reports for helping the gastroenterologist during the diagnosis or treatments procedures. Associated to a particular appointment can be images or video sequences that the medical staff can visualized and extract for incorporation into the medical report. An impor- tant feature of the system is the generation of gastroenterology reports as shown in Figure 5 . The report includes appointment information as well as demographic information about the patient. Additionally the medical staff can paste the relevant images selected using the user interface of the system. The conclusion and recommendations or treatment of the patient are also incorporated in this report.
Conclusions
The reported gastroenterology telemedicine system can be used with existent endoscope gastroenterology equipment by incorporating important features such as creation and management of the patient EHR and telemedicine applications. The system includes hardware that is constructed using low cost components and the software is designed using open source libraries. All relevant clinical information is available in the web and can be accessed securely by authorized medical staff that can participate during the diagnostic and therapeutical process. As future research we are working for performing the clinical validation and for complying with the HL7 standard for the EHR.
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